INTRODUCTION
With the recent advances in molecular biology has come the entrance of the chemist and the geneticist into the field of bacterial taxonomy. Within the last few years, the so-called numerical or neo-Adansonian taxonomy has also created considerable interest. That In the past several years, the situation has improved somewhat with the increased use of cultures from public culture collections. Even such cultures carry no absolute guarantee of purity or even identity. Contrary to what could be expected, not all cultures received for deposit by the American Type Culture Collection (ATCC) have been properly identified, or at least do not conform to descriptions in the literature or as recorded in Bergey's Manual. During the past year, I have checked the flagellation of all motile cultures received by the ATCC. Aside from one or two cultures which were obviously mislabeled, perhaps contaminated somewhere along the line, the following are some recent examples of flagellar types not ordinarily included in the specific genera or species: Vibrio marinus ATCC 15382, with lophotrichous flagella; Cellvibrio polytrophicum ATCC 14774, with lophotrichous flagella; Pseudomonas schuylkilliensis ATCC 15916, with lophotrichous flagella; P. piscicida ATCC 15802, with lophotrichous flagella. Bacteriologists who make no distinction between polar monotrichous and lophotrichous flagellation may find nothing improper in the above labels. P. piscicida, however, has been carefully described and illustrated and it is difficult for me to accept a lophotrichous organism in this species. Xanthomonas citri ATCC 15923, with peritrichous flagella, is certainly inappropriate, as is also Pseudomonas oxalaticus ATCC 11883, 11884, 11451, and 11452, with peritrichous flagella. Vibrio percolans ATCC 15922, with peritrichous flagella of normal wavelength, is not acceptable; neither is Achromobacter cholinophagum ATCC 15918, with polar monotrichous flagellation. The following were so obviously mislabeled that we may suspect a contaminant to have replaced the original culture: Moraxella BACTERIOL. REV. liquefaciens ATCC 15099, with lophotrichous flagella; Bordetella bronchiseptica ATCC 15101, with polar monotrichous flagellation and somatic rosette formation, no apparent stalks, but otherwise a typical Caulobacter sp.; Caulobacter variabilis ATCC 15255, with peritrichous flagella; C. fusiformis ATCC 15257, with peritrichous flagella. If public culture collections are to serve as reliable sources of type cultures or of cultures with known characteristics, it appears to be necessary for the personnel of the collections to characterize and perhaps identify all cultures received for deposit. Much effort would be spared and much confusion prevented if the donors would properly identify the cultures and submit to the collections photomicrographs of pertinent morphological characteristics.
NEW TAXA As our knowledge of bacteria increases, the original and the older descriptions of genera and species may need alteration and clarification. In many instances, the original description is not adequate to establish definitively, in contemporary terms, the identity of the organism. The alternatives are either to discard such taxa or to modify the original descriptions sufficiently to be definitive. By long-established convention, each genus has a type species which was either specified by the author of the genus or by a later author. Few of our present genera and their type species originated in this simple manner. The time and effort expended in arriving at the proper classification of an incompletely described species is nicely illustrated by Pseudomonas stutzeri. The following account is taken from the paper by van Niel and Allen (24) . In 1895, Burni and Stutzer described two cultures which they labeled Bacillus denitrificans I and Bacillus denitrificans II. The morphology was not illustrated. Lehmann Van Niel and Allen feel quite certain that the organism originally named Bacillus denitrificans II is the same as the polar monotrichous organism which they named Pseudomonas stutzeri. The major reason it has been regarded as peritrichous flagellate is the classification by Migula in his genus Bacillus, implying peritrichous flagellation. Van Niel and Allen feel that Migula did not personally study the organism, guessed at the flagellation, and guessed wrong. I quote: "Certain it is that some of Migula's Bacillus species had been arbitrarily assigned to the genus. This is clear from the description of Bacillus punctatus of which it was stated that the type of flagellation is unknown. Another instance is furnished by the inclusion of Henneberg's two species of motile acetic acid bacteria as Bacillus oxydans and Bacillus acetigenus; like all other Acetobacter species these are now known to be polarly flagellated (Vaughn, 1942; Frateur, 1950) 30, 1966 rely on verbal descriptions and poor or questionable illustrations. The major difficulty is with poorly flagellate peritrichous types. Any peritrichous flagellate culture may show some individuals with a single polar flagellum. If the flagellation is poor, or the preparation is poor, the technician by chance ma.y find an organism with a single polar flagellum and, finding no other flagellated individuals, conclude that the culture is polar monotrichous flagellate. I assume this to be the case with Acetobacter spp. How species of the polar multitrichous Acetomonas, which are well flagellated, could have been found to be polar monotrichous is more difficult to explain, and again emphasizes the importance of adequate illustrations. Another source of error with poorly flagellated cultures is the distilled water used in washing the bacteria. Unless freshly distilled, the water may contain an appreciable number of flagellated bacteria. The majority of these are polar monotrichous, but all flagellar types may be found. With very poorly flagellated cultures, it is advisable to wash and suspend the bacteria in bacteria-free distilled water.
Although I have not made a detailed survey of new taxa proposed in journals other than the Journal of Bacteriology, the latter has not been unique in its disregard for flagellar characteristics and proper illustrations. As a rather extreme example, I submit the paper by Stevenson (23) Another example of the "splitting" tendency of the specialist is found in the Enterobacteriaceae. The definitive characteristics of this family are clear-cut: gram-negative rods; peritrichous flagellation, if any; and fermentative metabolism of carbohydrates. The creation of genera which are based almost entirely on physiological characteristics can easily get out of hand, as it seems to have in this family. Characteristics which in other groups of bacteria usually serve to differentiate species are here used to differentiate genera. A nonspecialist, already confused by the taxonomy of this family, may find the latest (?) addition, Edwardsiella, hard to justify. If the same physiological criteria were used for the creation of genera in the family Pseudomonadaceae, we would soon have dozens of new genera in this family.
There In several recent publications, many of which deal with numerical taxonomy, we find a tendency to belittle the significance of flagellar morphology, and we also find statements which are contrary to the facts. In the Annual Review of Microbiology, De Ley (4) writes: "Furthermore, Aeromonas, Chromobacterium and many marine bacteria are peritrichous when young, and polar when old." This is a completely false interpretation of published work. Species of these genera and many marine bacteria frequently show mixed flagellation, particularly in young cultures and on agar, but the polar flagella are present throughout the growth cycle.
In an article in the Journal of General Microbiology, Lysenko (13) states: "The predominant type of flagellation was 1-2 flagella per cell. The importance of flagellation has been discussed by many workers and most recently by Rhodes (1959) and it is generally agreed that the type of flagellation is not an important feature in pseudomonas taxonomy." In this same publication, Lysenko proposes a number of his cultures as neotypes or lectotypes without illustrations, and the following description of the flagellation (words in parentheses are mine): P. aeruginosa, one or two polar flagella (typically monotrichous); P. pseudomallei, one or two polar flagella (typically polar multitrichous); P. fluorescens, polar flagella (typically polar multitrichous).
P. putida, P. geniculate, and P. synxantha are described as having polar flagella without any details as to how many. P. chlororaphis, P. aureofaciens, and P. ovalis are described as having tufts of polar flageUa. If flagellation is not an important feature in pseudomonas taxonomy, why make any statement at all regarding flagellation except that it is polar? Anyone who has studied a number of strains of P. aeruginosa knows that two flagella on the same pole are quite rare; to describe the type culture as having one or two polar flagella is very misleading.
Lautrop and Jessen (9) (2) in the Journal of General Microbiology describes P. aeruginosa as "polar flagellate," apparently indifferent to the number and shape of the flagella; Colwell and Liston (3) and Liston, Wiebe, and Colwell (12) (15) in the Annual Review of Microbiology: "The properties (e.g. morphological) which represent the combined expression of many genetic loci will still remain, in the broad sense, the cornerstone of microbial classification." The history of bacteriology is replete with examples, some of which I have pointed out, of the confusion which results when flagellar morphology is neglected or minimized. Proper illustrations are a must for all descriptions of bacteria, and it is hoped that both authors and editors will keep this in mind.
NuMERIcAL TAXONOMY The use of electronic computers in bacterial taxonomy was first effectively introduced by P. H. A. Sneath in 1957. Following the initial papers by , others have been published by various authors. The general idea is to classify bacteria on the basis of overall similarity by use of a large number of features. The method is not intended for the identification of bacteria but for the production of taxonomic groups which may be labeled species, genera, etc. One must still resort to a number of definitive features for practical identification of individual cultures.
The prototype of studies on numerical taxonomy is the paper by Sneath dealing with Chromobacterium (22) . The data are based on a detailed study of a large number of strains of Chromobacterium (20, 22) ; 105 features were selected and used to program the computer. Although the selected features obviously must have equal weight, the "characteristics" on which the features were based were not given equal weight.
In Sneath's data we find morphological characteristics separated into 24 features: length of rods, five features; breadth of rods, four features; shape and arrangement of rods, six features; flagellar arrangement, three features; Gram reaction, one feature; fat, two features. The size of the rods were thus given nine features; flagellation was given three features; and Gram reaction, one feature. If the morphological characteristics of a heterogeneous collection of bacteria were simrilarly programmed, the resulting groups would be very odd indeed. Obviously, this program cannot be applied to a heterogeneous group of bacteria unless we are willing to scrap completely our conventional taxonomy. (11), and halophilic bacteria may likewise produce elongated and filamentous forms at lowered salt concentrations. Shands (18) showed that a strain of Salmonella typhimurium, when grown at a rapid rate in a rich medium, was five times larger in the exponential phase than when grown at a slow rate in a chemostat. Sneath 
